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ifEield’-Pgoj ects Used For This Analysis

.
% . CFDEI 27 Feb 1995 - 24 Mar 1995 48 Hours
e * CFDE III 10 Dec 1997 - 18 Feb 1998 106 Hours
“*0 . FIRE.ACE 01 Apr 1998 - 29 Apr 1998 74 Hours

02 Dec 1999 -19 Feb 2000 95 Hours
81 Flights 323 Hours




NRC Convair-580




Instrument

Rosemount temperature sensor (x2)
Reverse flow temperature sensor
Cambridge dew point hygrometer
Pitot tube (x3)

Rosemount-858 probe

PMS King LWC probe (x2)
Nevzorov LWC probe

Nevzorov TWC probe

PMS FSSP 100 3-45 microns

PMS FSSP 100 5-95 microns

PMS 2D-C Mono 25-800 microns
PMS 2D-C Grey 25-1600 microns
PMS 2D-P Mono 200-6400 microns
Rosemount Icing Detector

Variable

Temperature

Temperature

Dew Point

Air speed, pressure

Air speed, pressure
Liquid water content
Liquid water content
Total water content
Droplet concentration/size
Droplet concentration/size
Hydrometeor conc./size
Hydrometeor conc./size
Hydrometeor conc./size

Icing accumulation rate



Hot Wire LWC Measurements
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Convair-580 LWC Boom
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Time History of LWC
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Hot Wire LWC Comparison
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LWC Probe Response to Ice
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LWC Probe Fractional Response to Ice
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Rosemount Icing Detector
Measurements —




Example of a RID Cycle

4000 |

N oY)
o Q
o Q
O o

—L
-
-
O

RID Voltage (mV)
-

o o O
w B

O
N

\/

Time (Seconds)

10 15 20 25 30 35 4

-
-

.

Liquid Water Content (g m™)



Time Hlstory of RID Signal
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dV = kKEAV_LWC =k dM
dt dt

dV/dt is the rate of change of voltage (mV s™)
k 1s the slope

E 1s the drop collision-collection efficiency

A is the area of sweep out for the RID (m?)
V_ is the aircraft/RID velocity (m s™')

LWC is the cloud liquid water content (g m™)
dM/dt is the mass sweep out with time (g s!)



Correlation with LWC

30-Second Averaged In-Situ Data
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Determination of Non-Linear Response

LWC = 0.10to 0.15gm™
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[Ludlam Limit Estimation
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FSSP Concentration Comparison
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FSSP 5-95 um Response to Ice
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FSSP 3-45 um Response to Ice
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Example of 2D-C Images

Buffer 4459

21:34:00.21

Bufier 4467

21:534:03.60

20-C D5-09
Drops

20-C 10-14
Drops

20-C 1524
Mil

-]

Buffer 4475

21:34:06 .26

Bufier 4453

21:534:08.95

Bufier 4491

21:534:11 B2

4

y 4 3

Bufier 4500
Buffer 4505

21:53415.28
21341820

—

i

20 Probe Phaze Indicator
amall Drizzle

G- December- 195
21:34:00.00 Ghl
Irterval 460

P

o

m

Buffer 4516

21:534:21 .23

1B

Conc L' Circle 45.955
Cone L' Non-Cir 1.8625

F55P Conc
Continental

Temperature

Cald

Mewzorow

High LG

Bufier 4524

215424 28

-]
21342725

|l

Buffer 4532
2

Seconds 30
Buffers &2

1=t Butfr 4459
Sampleng 1326
Particle G428
Zerofred 245
hinm Dia 1471
Blk Slice 33
Thar'&r 5

~|hxm Dia 0

Centrz M| 26
Circle=s 1307
Meedles 0
Imegul 240
Unfocus 1946
hole 3853
Partial F05

Spectra 2940
']Ternpem -1.4

Pres=ur 937 .8
Atitud 2.01
Erg LW 0257

™ New LWC 0234

Mew TS 0265
FO LC 0144

Imeg 50 86
Imag 10-14 2
Imeg 15-24 0

Circle 5-9 1620

Cirzle 10-14 70
Circle 15-24 0

F1 Loz 0.1
FO Con 110222
F1 Con 120836
Filast 12



Example of 2D-G Images
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Gaometric Ratio
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2D-C Circular Identification Error
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Identification of Cloud Phase



Summary of observed instrument
responses for each cloud phase

Parameter L G M Notes
Nevzorov LWC/TWC | >0.85 <0.25 0.2-1.0

King LWC/TWC > (.85 <0.25 0.2-1.0

2DC Circle Fraction >0.85 <0.35 > 5 pixels
2DG Circle Fraction >0.85 <0.40 > 5 pixels
FSSP 5-95 50% VD > 30 pm 99.9% G, 4% L
FSSP 5-95 80% VD > 40 pm 100% G, 2% L
FSSP Conc <15cm? 100% G, 8% L
RID Voltage >2mVs! |<2mVs! |[>2mVs! | T<-4°C




Phase Versus Temperature
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Conclusions

At-approximately 100 m s-!, the following instrument
responses need to be considered when characterizing
icing conditions:

Hot wire probes respond to ice crystals (10-20 %)
FSSP probes are dominated by ice crystals > 35 um
2D probes see drops as non-circles (5-15%)

2D probes see crystals as circles (5-40%)

RID response to icing 1s non-linear close to 0°C

The MSC FSSP and 2D instruments cannot be used to
assess drop/SLD sizes from 35 to 250 microns when the
ice crystal concentration exceeds 1 L-!.
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